Introduction {#sec1-1}
============

Eosinophilic gastrointestinal (GI) disorders (EGID) comprise a rare group of chronic inflammatory disorders of the GI tract attracting growing interest. Clinically, they are characterized by various symptoms, depending on the involved segment of the GI tract, and histologically, by dense eosinophilic infiltration in the absence of an identifiable secondary cause \[[@ref1]\]. However, the eosinophilic density of GI tract mucosa of healthy children, which would provide baseline data for the diagnosis of EGIDs, has been poorly defined \[[@ref2]-[@ref5]\]. Inflammatory bowel disease has been reported to be associated with increased eosinophilic infiltration of the childhood GI tract \[[@ref6]\], while the association of functional GI disorders (FGIDs) with increased eosinophil (eos) density of the child's GI tract is controversial: some studies report increased eosinophilic infiltration of the GI tissue mucosa in children with FGIDs \[[@ref7]\], whereas others do not \[[@ref8]\]. Furthermore, the geographical variations in the distribution or density of GI tissue eos in children with no organic diseases have been poorly defined.

The aim of our study was to assess the eos distribution and density in the GI tract in a pediatric population undergoing endoscopy after an extensive workup, with no subsequent diagnosis of an organic disease.

Patients and methods {#sec1-2}
====================

Children who underwent GI endoscopies at 3 referral pediatric gastroenterology units (Athens, Madrid and Rome) between January 2012 and June 2018 were included in this study if they had a normal workup prior to endoscopy, normal macroscopic appearance during endoscopy, and no evidence of organic disease, either at the time of endoscopy or at least 1 year after. The workup to exclude organic diseases included, but was not limited to, the following: full blood count, C-reactive protein, erythrocyte sedimentation rate, renal and liver function tests, serum amylase, total immunoglobulin A (IgA), tissue transglutaminase IgA antibodies, and urinalysis, while for patients undergoing colonoscopy the workup also included stool tests for viruses and parasites, and stool cultures for bacteria. The exclusion of an organic disease was based on history, clinical examination, extensive work up, normal macroscopic findings during the GI endoscopy and non-specific histological findings in the GI biopsies.

Patients diagnosed with FGIDs were not excluded and were compared to those without the diagnosis of FGIDs. Demographic and clinical data, including age, sex, primary indication for endoscopy and the final diagnosis, were also recorded.

After the selection of the patients to be included in the study, we retrieved the hematoxylin and eosin histological slides of each patient to count the eos. The criteria and the procedure for the histology assessment were discussed and agreed by all of the pathologists before the start of the study. The slides were reviewed by a single pathologist not aware of the prior histology report, while a subset of data was subsequently compared and reviewed by a senior pathologist (KS). An eos was counted when 2 nuclei were recognized. All biopsies were assessed to select the area with highest eos density and at least 5 high power fields (hpf) were subsequently evaluated to determine the peak density of eos in each GI segment. Quantification of eos was performed manually. Peak eosinophilic counts were expressed /hpf and /mm^2^. The areas of hpfs of the microscopes used by different centers were 0.245 mm^2^ (Athens and Rome) and 0.625 mm^2^ (Madrid). In order to have homogeneous histology reports we recalculated the eos counts to express all of them per hpfs of both sizes (0.245 mm^2^ and 0.625 mm^2^ respectively), but also per mm^2^ (eosinophil density) using the following formula: eos/mm^2^ = eos/hpf × 1 / area of microscope hpf in mm^2^. Other histological abnormalities, such as eosinophilic surface layering, eosinophilic degranulation, basal zone hyperplasia, *lamina propria* fibrosis, increased intraepithelial eos, dilated intercellular spaces, and eosinophilic cryptitis/pititis, as defined by Collins *et al*, were also reported \[[@ref9]\].

The study was first approved by the Institutional Review Board (IRB) of the "Agia Sofia" Athens Children's hospital. Subsequently, ethical approval was obtained for the co-participating centers by their local IRBs.

Statistical analysis {#sec2-1}
--------------------

Descriptive analysis was performed for all variables. Categorical data were expressed as absolute number and proportions (%), while continuous variables were reported as the median and interquartile range (IQR), since the distribution was not normal. Continuous data were tested for normality using statistical tests (Kolmogorov-Smirnoff test) and graphical methods (histogram, Q-Q plot). Because all data were nonparametric, Mann-Whitney and Kruskal-Wallis tests were used in the comparative analyses. Boxplots were also used for the graphical presentation of continuous data in figures. Results were presented in eos/mm^2^, as in recent studies in the literature. However, the median density of eos/hpf was also calculated for a better comparison with other studies. All statistical analyses were performed using the statistical package PSAW Statistics v23 (SPSS, Inc., Chicago, IL, USA). Statistical significance at P\<0.05 was assumed.

Results {#sec1-3}
=======

A total of 155 patients (73 boys) who underwent GI endoscopies with 595 biopsies between January 2012 and June 2018 were included in the study. Of these, 111 patients (48 boys), median (IQR) age 11 (7-13) years, underwent upper endoscopy with 333 biopsies (111 from the esophagus, 111 from the stomach and 111 from the 2^nd^/3^rd^ parts of the duodenum), while 44 (25 boys), median (IQR) age 12 (7-14) years, also underwent ileocolonoscopy with 262 biopsies (44 from the ileum, 37 from the cecum, 28 from the ascending colon, 44 from the transverse colon, 31 from the descending colon, 37 from the sigmoid colon and 41 biopsies from the rectum). With regard to the gastric biopsies, they were taken from different parts of the stomach at different centers: 76 were taken from the gastric body (Athens), 20 from the gastric fundus (Rome), and 15 from the gastric antrum (Madrid).

In total, 1012 slides were reviewed by a single pathologist in each center, as follows: 710 in Athens (AP), 152 in Madrid (CGon) and 150 in Rome (CGio). The reports on the 710/1012 slides reviewed in Athens were subsequently compared and reviewed by a senior pathologist (KS). *Lamina propria* was available in all of the biopsies beyond the esophagus, but in only 42 of 111 biopsies taken from the esophagus.

The most common reason for endoscopy in the total cohort was retrosternal and/or epigastric pain (n=69; 44.5%), followed by abdominal pain (n=36; 23.2%) and diarrhea (n=17; 11%), while 62 (40%) patients experienced more than one symptom. The median (IQR) follow up of the patients was 23.35 (15.1-31.5) months.

With regard to the eosinophilic distribution across the GI tract, a gradual increase in GI tissue eos was observed in the proximal segments of the GI tract, from the esophagus to the ileum, while in the colon, a gradual decline was observed from the cecum to the rectum. The median (IQR) of peak counts of eos/hpf corresponding to areas of 0.245 mm^2^ and 0.625 mm^2^, as well as the count corresponding to mm^2^ in each segment of the GI tract for the whole cohort, are shown in [Fig. 1](#F1){ref-type="fig"}-[3](#F3){ref-type="fig"}.

![Peak numbers of eosinophils in the esophageal and gastric biopsies in the whole cohort of children. Median (interquartile range) of peak counts of eosinophils /high power field 0.245 mm^2^ and 0.625 mm^2^, and /mm^2^ in the esophagus (111 biopsies) and the stomach (111 biopsies) were as follows: esophagus: 0 (0-0), 0 (0-0) and 0 (0-0), respectively; stomach: 0 (0-0.78), 0 (0-2.0) and 0 (0-3.2), respectively](AnnGastroenterol-33-508-g001){#F1}

![Peak numbers of eosinophils in the duodenal and ileal biopsies in the whole cohort of children. Median (interquartile range) of peak counts of eosinophils /high power field 0.245 mm^2^ and 0.625 mm^2^, and /mm^2^ in the duodenum (111 biopsies) and ileum (44 biopsies) were as follows: duodenum: 5.5 (3.1-7.1), 14 (8-18.1) and 22.4 (12.8-29.0), respectively; ileum: 7 (4.7-11.2), 18 (12.1-28.7) and 28.8 (19.2-45.9), respectively](AnnGastroenterol-33-508-g002){#F2}

![Peak numbers of eosinophils in the colonic biopsies in the whole cohort of children. Median (interquartile range) of peak counts of eosinophils /high power field 0.245 mm^2^ and 0.625 mm^2^, and /mm^2^ in the cecum (37 biopsies), ascending colon (28 biopsies), transverse colon (44 biopsies), descending colon (31 biopsies), sigmoid colon (37 biopsies) and rectum (41 biopsies) were as follows: cecum: 9.5 (6.1-17.3), 24.2 (15.5-44.2) and 38.7 (24.8-70.7), respectively; ascending colon: 5.9 (4.8-10.1), 15 (12.2-25.7) and 24 (19.6-41.2), respectively; transverse colon: 6.7 (5.1-13.9), 17 (13-35.5) and 27.2 (20.8-56.7), respectively; descending colon: 5.1 (3.1-6.7), 13 (8-17) and 20.8 (12.8-27.2), respectively; sigmoid colon: 5.5 (3.1-7.3), 14 (8-18.6) and 22.4 (12.8-29.7), respectively; rectum: 2.4 (1.6-5.3), 6 (4-13.5) and 9.7 (6.4-21.6), respectively](AnnGastroenterol-33-508-g003){#F3}

Interestingly, significant differences among the 3 centers were observed in the eosinophilic counts of all segments of the GI tract ([Table 1](#T1){ref-type="table"}), with the Rome center showing greater eos counts in all of the segments except the esophagus and the rectum. Seasonal variation as a potential reason for the differences found was excluded, as the timing of the performed endoscopies varied within the year in all centers. The role, however, of other potential reasons, such as diet, drugs or history of atopy were not recorded in this retrospective study; thus, the potential impact of the above factors on geographical variation needs further investigation.

###### 

Peak eosinophil counts in the epithelium of different segments of the gastrointestinal (GI) tract amongst participating centers

![](AnnGastroenterol-33-508-g004)

With regard to the evaluation of any associations of FGIDs with GI tissue eosinophilia, for the sake of homogeneity, we applied the same criteria (Rome IV criteria) \[[@ref10]\] that have been valid since May 2016 for the diagnosis of FGID to all the patients. As recent studies \[[@ref11]\] reported that using Rome III led to underestimation \[[@ref12]\] of the diagnosis of FGIDs associated with abdominal pain, compared to the Rome IV \[[@ref10]\] criteria, we decided to apply the same criteria (Rome IV criteria) to all of our patients, to avoid any bias by missing FGID diagnoses. Interestingly, we found that the Rome IV criteria were fulfilled for the diagnosis of FGID by 73 children (37 boys), median (IQR) age 13 (9-14) years, while the Rome III criteria \[[@ref12]\] were satisfied by only 39 children (20 boys), median (range) age 13 (3-17) years.

FGID^+^ patients were found to be older than FGID^-^: their median (IQR) age was 13 (9-14) vs. 10 (6.5-12) years, respectively (P\<0.001), while no difference was found with regard to sex (P=0.489). The difference in age in FGID^+^ children was found in both children undergoing upper endoscopy---median (IQR) age 13 (10-14) years vs. 10 (6-12), respectively (P=0.002)---and in those undergoing lower endoscopy: median (IQR) age 13 (8-14) years vs. 10 (6.5-12) years, respectively (P\<0.001).

The main reason for endoscopy in FGID^+^ compared to FGID^-^ children was retrosternal and/or epigastric pain (26/73 vs. 43/83, respectively; P=0.035), followed by vomiting (22/73 vs. 14/82, respectively; P=0.55), abdominal pain (21/73 vs. 15/82, respectively; P=0.123), and diarrhea (15 vs. 2, respectively; P\<0.001). It should be noted, however, that 40/73 (54.8%) of FGID^+^ and 22/82 (26.8%) of FGID^-^ patients experienced a combination of symptoms. The FGID diagnoses based on Rome IV criteria were as follows: functional dyspepsia (FD) in 28 (18.1%) children; irritable bowel syndrome (IBS) with predominant diarrhea in 15 (9.7%); IBS with predominant constipation in 8 (5.2%); IBS unclassified in 4 (2.6%); functional abdominal pain unspecified in 10 (6.4%); and functional vomiting in 8 (5.2%).

No significant differences in the eosinophilic distribution or the eosinophilic density of the GI tissue were found between children with and those without FGIDs in any of the segments of the GI tract ([Table 2](#T2){ref-type="table"}). We did find, however, elevated intraepithelial eos in a greater number of children in the FGID^+^ group (8.1% vs. 2.2%, respectively; P=0.003) and the same was true for eosinophilic cryptitis (20.1% vs. 7.5%, respectively; P\<0.001), while pititis was absent in all of the gastric biopsies. Mild eosinophilic degranulation toward the edge of the tissue biopsy sample occurred in 37% of all biopsies, with a similar incidence in both groups (39.6% in FGID^+^ vs. 35.8% in FGID^-^; P=0.344) and the same was true for dilated intercellular spaces (6.4% vs. 1.6%, respectively; P=0.178). Eosinophilic surface layering was absent in all esophageal biopsies, while mild *lamina propria* fibrosis was rare, as it was found in only 3 (2 FGID^+^ and 1 FGID^-^) of the 42 patients whose biopsies included *lamina propria*.

###### 

Eosinophilic counts in children with or without FGIDs

![](AnnGastroenterol-33-508-g005)

Discussion {#sec1-4}
==========

This study assessed the normal eosinophilic density and distribution, as well as other histopathologic parameters, in the mucosa of the GI tract in children who underwent endoscopic procedures after an extensive workup due to GI symptoms, without subsequent diagnosis of an organic disease, either at the time of endoscopy or within 1 year after.

The main value of this study is that it provides normative values of eos in the "healthy" childhood GI mucosa that will be useful in the diagnosis of childhood EGIDs beyond the esophagus which in the absence of baseline data, is ofter a challenging issue, as it relys on the pathologist's subjective judgment.

In accordance with previous studies, the distribution of the eos in our study showed a gradual increase across the proximal segments of the GI tract, from the esophagus to the ileum, followed by a subsequent gradual decrease from the first segments of the colon to the rectum \[[@ref3],[@ref4]\]. The range of eos/hpf in esophageal biopsies in our study was consistent with the findings of previous studies that reported up to 6 eos/hpf in healthy esophageal mucosa of children between 7-15 years of age \[[@ref13],[@ref14]\].

With regard to the eosinophilic infiltration of different parts of the gastric mucosa, the reports are conflicting. Some studies have shown no differences in the eosinophilic infiltration of the gastric antrum compared to the gastric body \[[@ref3]\], while others reported a greater eosinophilic infiltration of the gastric antrum (but not of the gastric body) in children with functional abdominal pain disorders compared to healthy controls \[[@ref6]\]. The differences in eosinophilic counts found between the different parts of the stomach in our study were not related to the presence or not of abdominal pain, but may be considered in the context of the geographical variations that we found in all of the GI biopsies, a finding consistent with previous reports on eos concentrations in normal colonic mucosa \[[@ref15]\]. The reasons for these geographical variations are not clear. Some studies have suggested that environmental aero- or food allergens may have an impact on GI tissue eosinophilia \[[@ref15],[@ref16]\], while others do not agree \[[@ref17]\]. As, however, data on diet, drugs or history of atopy were not collected, we cannot delineate the impact of any of the above factors on the observed differences. Additionally, it cannot be excluded that the differences found between centers may be due to the different volumes of the samples collected in the participating centers, with Madrid and Rome having collected half and one third respectively, compared to Athens.

Furthermore, an important problem with existing reports in the literature on GI tissue eosinophilic infiltration is that the eos counts are expressed in cell number/hpf, although the size of the hpf is not specified. It is known, however, that the area of the hpf is strongly correlated with the technical parameters of the microscope, such as the magnification of the objective lens and the diameter of the ocular. The diversity among the technical parameters of commercially available microscopes may cause up to fivefold discrepancies in the eos counts of the same biopsy sample. To avoid heterogeneity, it has been suggested that eos should be counted in at least 5 fields of view from the area with peak eos density, and that eos density should be reported in cells/mm^2^ \[[@ref18]\], a methodology adopted in this study.

Interestingly, we found that the number of children fulfilling the Rome IV criteria for FGID diagnosis was almost twice that when the Rome III criteria were used. Other recent studies have also shown that Rome III criteria underestimated the number of children with FGIDs \[[@ref10]\].

The association of FGIDs with the eosinophilic infiltration of GI tissue is controversial. Similarly to other studies in children \[[@ref19]\], we were not able to demonstrate any differences in the eosinophilic infiltration of the GI tract of children diagnosed with FGIDs. In contrast, a recent meta-analysis of FD, including studies in adults and in children, reported a significant increase in eosinophilic density in both the gastric and duodenal mucosa of patients compared to healthy controls \[[@ref20]\]. However, 3 of 4 studies performed in children with FD showed no differences in the eos counts in the gastric mucosa \[[@ref7],[@ref21],[@ref22]\], while the same was shown by other studies in the childhood duodenal mucosa \[[@ref8]\] between patients and healthy controls. Furthermore, although the counts of eos in the GI mucosa of children with FGID^+^ did not differ, we did find a greater incidence of other histological abnormalities, such as increased intraepithelial eos and eosinophilic cryptitis, that occur rarely in healthy GI tissue \[[@ref3],[@ref19],[@ref23]\]. Based on the above, we can hypothesize that there may be a subtle inflammation in these patients, possibly related to an imbalance in GI homeostasis that may result from any number or combination of factors, including dysbiosis, loss of barrier integrity, genetic predisposition, or immune responses to dietary or luminal antigens \[[@ref24]\]. The mild degranulation of eos-associated extracellular granules that we found toward the edge of the tissue sample biopsy in almost one third of the intestinal biopsies can be attributed to tissue trauma resulting from the use of forceps for obtaining the tissue, causing disruption of the eos cellular integrity \[[@ref25]\].

Our study had several limitations. One was its retrospective design, which did not allow strict conclusions to be drawn regarding the geographical variations in the eosinophilic infiltration of the GI tract. As data on diet, drugs and history of allergy were not reported, the potential impact of any of these factors on the eosinophilic density of GI tissue cannot be excluded. It is also possible that the observed differences could be attributed to differences in the numbers of the biopsy samples collected by the participating centers, with Madrid and Rome having collected half and one third, respectively, of the number of biopsy samples collected in Athens. Furthermore, we did not assess inter-pathologist variation in assessing histology slides amongst the participating centers. It should be noted, however, that the criteria and the procedure for the histology assessment were discussed and agreed upon by all of the pathologists before the start of the study, while three quarters of the total number of histology slides (710 of 1014) were also compared and reviewed by a senior pathologist (KS), minimizing potential errors. In addition, it is not possible to draw conclusions from this study as to whether the eosinophilic infiltration of the duodenum was intracryptal or intravillous. As the aim of the study was to provide data on the peak counts of eos in the "healthy" GI mucosa, the pathologists focused on the eosinophilic "hot spots", e.g., places with the greatest eos concentration, without indicating their exact location (intracryptal or intravillous).

In conclusion, this study provides normative values on eosinophilic distribution and density in different segments of the GI tract of children with no organic diseases, which could be used in the evaluation of children with suspected EGIDs beyond the esophagus, the diagnosis of which in the absence of baseline data, is often a challenging issue, as it is based on the pathologist's subjective judgment.

###### Summary Box

**What is already known:**

Eosinophilic gastrointestinal (GI) disorders (EGID) are rare, chronic inflammatory disorders of the GI tract, characterized by dense eosinophilic inflammation of the GI tract, in the clinical context. However, due to the absence of normative values on eosinophiic infitration of the healthy GI tract mucosa, the EGID diagnosis is often challenging as it relies on the pathologist's subjective judgmentThe geographical variations in the eosinophil distribution or eosinophilic density in the GI tract of children with no organic diseases have been poorly definedOther diseases, such as inflammatory bowel disease, have been associated with increased eosinophil counts in the GI mucosa, while controversial data exist on the impact of functional GI disorders (FGIDs) on the distribution and density of eosinophils in the childhood GI tract

**What the new findings are:**

The reported in this study peak eosinophil counts in the epithelium of different segments of the GI tract of children with no organic diseases, provide normative values, which could be used for the evaluation of children with suspected EGIDThe shown in this study differences in the peak counts of eosinophils in the same segments of the GI tract are attributed to the different sizes of high power fields used for calculation by different pathologists. The above discrepancies highlight the importance of using eosinophil density (eos/m^2^) instead of eos/hpf, that is a universally accepted tool, independent of the size of hpfA geographical variation in GI tissue eosinophilic density was found, but the causative factors need further evaluationEosinophil distribution and eosinophilic density in the GI tract do not differ in children with an FGID diagnosis, according to the Rome IV criteria, compared to those without such a diagnosis

Conflict of Interest: None

University of Athens, Agia Sofia Children's Hospital, Athens, Greece; University Hospital Puerta de Hierro-Majadahonda, Autonomous University of Madrid, Spain; Sapienza University of Rome, Rome, Italy
